Hydrogenic calcite and opaline silica deposits in fault zones at Yucca Mountain, Nevada, have created considerable public and scientific controversy because of the possible development of a high-level nuclear waste repository at this location. Strontium and uranium isotopic compositions of hydrogenic materials were used to test whether the veins could have formed by upwelling of deep-seated waters. The vein deposits are isotopically distinct from ground water in the two aquifers that underlie Yucca Mountain, indicating that the calcite could not have precipitated from ground water. The data are consistent with a surficial origin for the hydrogenic deposits. (Fig. 1) , exposes a vein-like deposit of calcium carbonate and subordinate opaline silica (Fig. 2 ) much wider and more complex than mineralogically similar deposits in other trenches. The origin of these veins and those at Busted Butte (Fig. 1) has been the focus of considerable controversy (3).
Four main origins have been proposed for the hydrogenic deposits (4): (i) deposition associated with pedogenic (soil-forming) processes whereby descending meteoric waters interact with surficial materials and precipitate minerals along fractures and faults; (ii) deposition from cold springs due to movement of regional or perched ground water along faults; (iii) deposition from hot water (temperature > 30?C) along faults; and (iv) deposition through seismic upwelling of hot or cold water along faults as a direct result of strain release during faulting. Proponents of models that would result in flooding of the repository predict doomsday scenarios (3).
Early field and mineralogic studies of deposits exposed at Trench 14 and other sites suggested that the hydrogenic deposits formed by processes related to pedogenesis (5). Stable isotope studies showed that 5180 and 863C of the vein deposits have values and relations similar to those in the local soils (6). Furthermore, the ground waters currently beneath Yucca Mountain would have to be greatly cooled and perhaps isotopically modified to precipitate the observed calcites (7).
We describe Sr and U isotopic compositions of the deposits and of possible source waters. Neither Sr nor U fractionate isotopically during precipitation of hydrogenic deposits. Isotopic identity between hydrogenic deposits and possible source waters would be permissive evidence for a genetic link, whereas isotopic disparity would preclude any direct genetic relationship (8, 9).
Sr is an excellent tracer in the hydrologic cycle because it is relatively abundant in water and because its isotopic composition, reported as 87Sr/86Sr, can be measured with great precision and accuracy (+0.00005 or better). Ground water attains its Sr isotopic signal at recharge and along its flow path by dissolution of or exchange with minerals in the aquifer (8) . Differences between the isotopic composition of the ground water and that of the bulk aquifer can result from preferential dissolution of minerals with different 87Sr/86Sr values. Commonly, in rocks that are old enough to have an accumulated radiogenic Sr from the decay of 87Rb, a phase with a low Rb/Sr value (for example, plagioclase) is preferentially attacked, and water is less radiogenic (lower 87Sr/86Sr value) than its host rock (9). However, disequilibrium between solid and liquid during mineral precipitation does not occur (10), and the isotopic composition of a solid and of the water from which the solid precipitated will be identical.
The Sr isotopic compositions of ground waters in the Tertiary aquifer beneath Yucca Mountain and of vein carbonates at Trench 14 and Busted Butte do not overlap significantly (Fig. 3) Fig. 3) . The 87Sr/86Sr values in the vein and pedogenic carbonates are very similar, but the vein materials are, on the average, slightly more radiogenic (Fig. 3) Disequilibrium between 234U and its parent isotope 238U can develop in ground water over time by alpha recoil and related processes (22) . The degree of disequilibrium is expressed by the activity ratio 234U/238U, which is generally precise to ? 0.04 (lr) and which at equilibrium conditions is unity.
The 234U/238U for ground water in southern Nevada is typically greater than 2.0 (that is, more than a 100% excess of 234U) (22) . The disequilibrium is even more pronounced in the vicinity of Yucca Mountain, where three samples from the Tertiary-Quaternary aquifer have 234U/238U values greater than 5.0, and one sample from the Paleozoic aquifer has a 234U/238U value of 2.71 ? 0.09 (Fig. 4) . In contrast, vein carbonates and horizontal laminar carbonates were deposited by waters with a 234U/238U value of 1.6 or less (Fig. 4) , and the four analyzed vein samples from Trench 14 had 234U/238U values of less than 1.4 at the time of deposition (12). Thus the regional aquifers and veins cannot be genetically related. The 234U/238U for soils of the Yucca Mountain area is less than 2.00 and generally less than 1.40 (12, 23) . These values agree well with those observed for the carbonate veins and horizontal laminar carbonates (Fig. 4) and, therefore, suggest that the U in both types of carbonates was derived from water percolating through the overlying soils.
The initial activity ratio in 21 samples from Devils Hole representing ages of 60 to 300 ka ranged from 2.65 to 2.82 (24). If a similarly narrow range existed in ground water beneath Yucca Mountain, which is highly probable, the veins at Busted Butte and Trench 14 cannot have been precipitated from any of the regional aquifers. 87Sr/86Sr and 234U/238U data preclude precipitation of vein and other carbonates exposed in Trench 14, Busted Butte, and Crater Flat from ascending waters like those currently in aquifers beneath Yucca Mountain. Isotopes in these systems do not fractionate during chemical reactions or phase changes, and, therefore, the large differences observed between isotopic compositions of ground water (or old hydrogenic deposits formed from ground water) and isotopic compositions of vein carbonate at Trench 14 and Busted Butte preclude a genetic relation between the two. This conclusion is further supported by the isotopic compositions for C and 0 in the vein carbonates and ground water samples (6, 7) . Thus, all modes of origin that require bringing water from depth to form the vertical vein deposits can be ruled out.
The Sr, U, Pb, C, and 0 isotope systems all show a good correspondence between pedogenic and vein carbonates. Thus, carbonate veins, such as those exposed at Trench 14 and Busted Butte, must have formed by descending rather than ascending water as follows (25) (1-3) . Gene trees can be constructed from DNA sequences, protein sequences, electrophoretic data, and antigenic data. Trees can also be constructed from genetic data obtained from DNA-DNA hybridization, chromosome structure, and morphological traits. However, different data often produce quite different trees and, as a result, provide qualitatively different estimates of phylogenetic relationships (1-9).
A major hindrance to evaluating concordance among different estimates of evolutionary relationships is a lack of examples where extensive data on genetic divergence exist for groups of organisms with welldocumented phylogenies. For inbred strains of mice (Mus musculus), there is a wealth of genetic data from various levels of organization for a large number of genetically distinct strains having reasonably well-known genealogies. Thus, they can provide a powerfuil source of data to test important evolutionary hypotheses including those about concordance between species and gene trees when the latter are based upon different types of genetic data (4-8) .
Herein, we examine genetic divergence among 24 well-known inbred strains of mice using 144 distinct gene loci. These data permit examination of two important ques- 
